Summary. Circulating lymphocytes from 39 juvenile insulin dependent diabetics of recent onset were studied by six membrane marker techniques and mitogen stimulation. Well controlled (n = 14) were grouped separately from poorly controlled (n = 25) patients. The total lymphocyte counts were not different from 50 control subjects. The percentage of Tcells detected by erythrocyte rosettes and B-cells detected by erythrocytes -antibody -complement rosettes was significantly decreased only in poorlycontrolled diabetics (64.1 + 1.3 and 9.7 + 1.8, vs 71.0 +_ 1.0 and 15.3 + 0.6 in controls). Cells bearing receptors for the Fc fragment of IgG immunoglobulins were decreased in both groups. Mitogen stimulation was not different from controls but was significantly lower in poorly controlled than in well controlled diabetics. Optimal blood glucose control for 5 _+ 2 days using an external artificial pancreas led to a rapid normalisation of membrane marker values and mitogen responsiveness of lymphocytes from previously poorly controlled diabetics. Separate in vitro experiments showed that glucose had an inhibitory effect on mitogen stimulation at concentrations i> 8.3 mmol/1 and on T-and B-lymphocyte numbers at concentrations/> 55.6 mmol/1. DL 3-hydroxybutyrate tested at 17.1 and 34.2 mmol/l only depressed mitogen responsiveness. Such results suggest a rapidly reversible T-cell defect closely linked to the existing metabolic disturbances. [7] [8] [9] [10] [11] [12] [13] which may be due to differences in methodology, selection of patients or metabolic control at the time of the study. In order to re-examine these findings, we have studied circulating lymphocyte subpopulations in the juvenile insulin dependent type of diabetes which may be related aetiologically to immunological factors [14, 15] . Lymphocyte subpopulations were investigated by surface membrane markers, using six different methods, and by the proliferative responses to various mitogens. The results were related to the quality of diabetic control obtained by conventional insulin therapy and, in some cases, by the external artificial pancreas, which is now the best way of maintaining optimal blood glucose control [16] . In addition, the effects of glucose and 3-hydroxybutyrate on various lymphocyte properties were studied in vitro.
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Cell-mediated immunity like heredity, virus infections [1] and humoral immunity [2] may play an important role in the aetiology of diabetes [3] [4] [5] [6] . Studies on circulating lymphocytes in diabetics have given variable results [7] [8] [9] [10] [11] [12] [13] which may be due to differences in methodology, selection of patients or metabolic control at the time of the study. In order to re-examine these findings, we have studied circulating lymphocyte subpopulations in the juvenile insulin dependent type of diabetes which may be related aetiologically to immunological factors [14, 15] . Lymphocyte subpopulations were investigated by surface membrane markers, using six different methods, and by the proliferative responses to various mitogens. The results were related to the quality of diabetic control obtained by conventional insulin therapy and, in some cases, by the external artificial pancreas, which is now the best way of maintaining optimal blood glucose control [16] . In addition, the effects of glucose and 3-hydroxybutyrate on various lymphocyte properties were studied in vitro.
Materials and Methods

Patients
Thirty nine juvenile insulin dependent diabetics (JOD; mean age 19 years, SEM 4-1) of recent onset (mean duration 1.9 months, SEM 4-0.3) were studied. Well controlled (n = 14) were grouped separately from poorly controlled (n = 25) patients (Table 1) : diabetes was considered well controlled when mean blood glucose (calculated from 8 diurnal samples taken at 07.00, 09.00, 12.00, 14.00, 18.00, 20.00, 00.00, 04.00) lay below 11.lmmol/1 and ketonuria had been absent for at least 3 days before the experiment. No patients were taking any drug known to interfere with lymphocyte function. Eight patients from the poorly controlled group were re-examined immediately following a period (5 + 2 [16] . The control group included 50 sex and age matched healthy volunteers, none of them was taking any drug.
Methods
Lymphocyte Suspensions." Lymphocytes were obtained from heparinised blood, taken at 08.00 before breakfast, centrifuged (400 g 30 min, 20 ~ C) on a Ficoll-Hypaque gradient (density 1.077). The cell suspensions contained 85-95% small lymphocytes and 5-15% monocytes (as determined by peroxidase staining). The cells were washed three times in Hank's balanced salt solution and ajusted to the appropriate concentration for each method used.
Lymphocyte .Membrane Markers:
Six different methods were employed to enumerate T-, B-cells and cells bearing receptors for the Fc fragment of IgG immunoglobulins [17] according to techniques already reported in detail [18, 19] .
T-lymphocytes were detected by the formation of E-rosettes and "active" E-rosettes with sheep erythrocytes (E). In addition, these cells were studied by a microcytotoxicity test using a horse anti-human-T-lymphocyte-antigen (HTLA) serum (kindly provided by J. Brochier, INSERM U 80, Hrpital Ed. Herriot, Lyon, France).
B-lymphocytes were identified by the presence of surface immunoglobulins using fluoresceinated anti-polyvalent human IgF (ab')e fragments, and by rosettes with erythrocyte-antibody-complement complexes which detected cells bearing receptors for complement.
Cells bearing receptors for the Fc fragment of IgG immunoglobulins were quantitated by a rosette test using chicken erythrocytes coated with rabbit IgG antibodies.
Finally, monocyte contamination in each technique was assessed by peroxidase staining.
Lymphocyte Stimulation by Phytomitogens: Lymphoid cells were cultured in microtitre plates as previously described [18] . Briefly, microcultures were set up as four replicates with 2 • 105 cells/well in culture medium RPMI 1640 (GIBCO, New York) supplemented with 15% inactivated human AB serum.
In addition to unstimulated controls, lymphocyte cultures were stimulated with the following mitogens: phytohaemagglutinin (Difco, Detroit, Michigan), concanavalin A (Pharmacia, Uppsala, Sweden) and pokeweed mitogen (Grand Island Biological Co., Grand Island, New York). Optimal doses of mitogens were previously determined by studies using dose-response curves of lymphocyte cultures from normal donors: phytohaemagglutinin: 25 ~tg/ml; concanavalin A: 25 gg/ml; and pokeweed mitogen: 50 ~tg/ml. The cultures were incubated at 37 ~ C for 3 days (phytohaemagglutinin and concanavalin A) and 6 days (pokeweed mitogen). Blastogenesis was estimated by 3 H-thymidine incorporation, measured by liquid scintillation counting, as previously reported [18] .
In Vitro Experiments with Glucose and DL3-Hydroxybutyrate:
Rosette forming cells and cells bearing receptors for the Fc fragment of IgG immunoglobulins were counted in peripheral blood lymphocytes from healthy volunteers by mixing the usual indicators and the lymphocytes suspended during the test in medium containing various amounts of D-glucose (Prolabo, Paris) or DL3-hydroxybutyrate (Boehringer Mannheim GmbH, Germany). In other experiments, normal lymphocytes were preincubated overnight with various concentrations of D-glucose or DL3-hydroxybutyrate, then washed and cultured in the presence of mitogens.
Statistical Methods: The results are expressed as mean + standard error of the mean (SEM). The significance of differences in the mean values between groups was tested by Student's t-test. Significant differences between the pre-and posttreatment results within the poorly controlled group were sought by Student's paired t-test, after verification of normal distribution. (Table 2 ): The percentages of T-lymphocytes detected by formation of E-rosettes, and cells bearing receptors for the Fc fragment of immunoglobulins or for complement were significantly (p < 0.01) decreased in JOD when compared with controls. The percentages of monocytes stained by peroxidase were increased in JOD.
Results
Lymphocyte Membrane Markers
The total lymphocyte count was 1768 _+ 75 per mm 3 in the control group, and 1627 _+ 88 per mm 3 in the JOD group. The difference was not statistically significant. However, the lower total lymphocyte count observed in JOD caused a greater statistical 
NS = Non significant a T-cells identified by formation of rosettes with sheep erythrocytes (E-rosettes) b T-cells identified by using a horse anti-human T-lymphocyte antigen (HTLA) serum c T-cells identified by formation of "active" E-rosettes d B-cells identified by the presence of surface immunoglobulins (S Ig) e B-cells identified by formation of rosettes with erythrocyte-antibody-complement complexes (EAC)
f Cells bearing receptors for the Fc fragment of IgG immunoglobulins identified by an erythrocyte-antibody (EA) rosette test g EAC rosettes were performed in only 25 cases (12 well controlled and 13 poorly controlled JOD) difference than mean percentages of rosettes forming cells. It was also observed that the lymphocyte count of cells bearing HTLA was significantly decreased in the JOD group. Poorly controlled diabetics had a significantly lower mean proportion of E-rosettes forming cells than well controlled diabetics and controls. In the same way, poorly controlled diabetics has significantly lower mean percentages of cells bearing receptors for the Fc fragment of immunoglobulins and for complement when compared to the control group. In contrast, the mean percentages of cells bearing surface immunoglobulins and of monocytes were significantly increased. Finally, the proportions of lymphocyte membrane markers were not significantly different in well controlled JOD and healthy subjects except for ceils bearing receptors for the Fc fragment of immunoglobulins. (Table 3): No significant difference was observed between controls and JOD in the results of lymphocyte cultures stimulated by phytohaemagglutinin, concanavalin A and pokeweed mitogen. Significant differences appeared, however, when diabetics were separated according to metabolic control. Poorly controlled diabetics had lower responses to the three mitogens than well controlled diabetics. Likewise, the spontaneous thymidine incorporation in unstimulated cultures was low. No significant difference was noted between these two subgroups and the control group except a higher response of well controlled diabetics to phytohaemagglutinin and a lower response of poorly controlled diabetics to pokeweed mitogen. (Table 4) :
Lymphocyte Stimulation by Phytomitogens
Lymphocyte Markers and Mitogen Stimulation before and after Optimal Blood Glucose Control
Both the percentage of E-rosettes forming cells and the response to phytohaemagglutinin stimulation were increased after blood glucose control. The values returned to normal, similar to those obtained in the control group. (Table 5) : Glucose added to the medium in which rosette-tests were performed, resulted in a decrease of the mean percentages of the rosette-forming-cells. However, this effect was only noted with high concentrations of glucose (55.6mmol/1). Tested in the same way DL3-hy- The results are expressed as mean _+ SEM of disintegration per minute (dpm) PHA: phytohaemagglutinin ConA: concanavalin A PWM: pokeweed mitogen droxybutyrate at 17.1 and 34.2mmol/1 only produced a slight nonsignificant decrease. The preincubation of normal lymphocytes in medium containing glucose or DL3-hydroxybutyrate, before stimulation by phytohaemagglutinin caused low proliferative responses even at low concentrations of glucose (8.3 mmol/1).
In Vitro Experiments with Glucose and DL3 Hydroxybutyrate
Discussion
Impairment of lymphocyte numbers and function has already been reported in diabetics. A T-cell defect assessed by E-rosettes has been found by some authors [11, 13] but not by others [10, 12] . Phytohaemagglutinin responsiveness has been found to be depressed in most studies [7, 9, 10, 13] especially in poorly controlled diabetics [9, 10] . In vitro experiments [20, 21] showed the influence of glucose and free fatty acids on lymphocyte function. Our investigation extended to include the study of many lymphocyte membrane markers and our results show that T-cells (detected by E-rosettes) and B-cells (detected by Erythrocyte Antibody Complement rosettes) were decreased only in poorly controlled JOD. Cells bearing receptors for the Fc fragment of immunoglobulins were decreased in both well controlled and poorly controlled patients. The defect in mitogen stimulation was confirmed by using three different phytomitogens whose responses were depressed in poorly controlled diabetics when compared with well controlled diabetics. Careful selection of patients increased the reliability of our study: only juvenile insulin dependent diabetics of recent onset were chosen and well controlled were dearly grouped separately from poorly controlled patients.
Our results show that optimal blood glucose control via an artificial pancreas even if only temporary, leads to a rapid normalisation of surface marker values and mitogen stimulation of lymphocytes from Tables 2 and 3 Tables 2 and 3 a in these experiments, D glucose and DL3-hydroxybutyrate were added to the medium during the duration of the test b in these experiments, the cells were preincubated overnight in medium containing D glucose and DL3-hydroxybutyrate, then washed and stimulated by mitogens c means were calculated on 12 different experiments d p <0.05~ e p <0.01J when compared with results obtained when D glucose or DL3-hydroxybutyrate was not added to the medium previously poorly controlled diabetics. Thus the lymphocyte defect is an eminently reversible phenomenon closely linked to the metabolic milieu of the individual.
The data from in vitro experiments confirm the influence of glucose and hydroxybutyrate on lymphocyte markers and mitogen responsiveness. However, such in vitro effects need greater concentrations of these products than those we usually found in our patients. Experiments in which lymphocytes were preincubated in the presence of glucose and DL3-hydroxybutyrate, then washed before in vitro stimulation by mitogens, suggest that these products might interfere with the glycosylated receptors for mitogens or with the processes of cell activation.
The demonstration of a normal T-ceU status in well controlled JOD does not exclude the possibility of an indirect role of cellular immunity in the mechanism of diabetes. Recent studies [22, 23] suggest that diabetes may be considered as a partially self-supporting disease: hyperglycaemia leads to beta-cell depletion which in turn increases hyperglycaemia. Frequent remissions may occur in recent acute onset juvenile diabetes if this vicious circle is rapidly broken [22] . In the same way, metabolic abnormalities lead to a T-cell defect which in turn may favour the recurrence or the activity of such initial pancreatic aggressors as viruses [1] .
Thus, the quest for normoglycaemia in recent insulin dependent juvenile diabetes must be the aim of treatment because long-term complications, completion of beta-cell damage, and defects of cellular immunity are likely to be secondary to disturbed metabolism.
